Abstract. The macrozooplankton and Benthic Boundary Layer (BBL) macrofauna over a coarse sand and pebble community in the Bay of Saint-Brieuc (western English Channel) were sampled with a WP2 zooplankton net and with a modified MACER-GIROQ suprabenthic sledge, respectively, from February 1994 to November 1995. One hundred and sixty-four species were collected in 44 suprabenthic sledge hauls and 19 taxa in 30 zooplankton net hauls. In the water column, appendicularians and cnidarians dominated, while, in the BBL, holoplanktonic amphipods, chaetognaths, amphipods and mysids dominated the fauna; among them Apherusa spp., Sagitta setosa Müller, Anchialina agilis (Sars), Siriella clausii Sars and Eusirus longipes Boeck were the dominant species. The density and biomass of the BBL macrozooplankton were lower than those of the macrozooplankton in the water column. The density and biomass of suprabenthos remained low throughout the year. In the water column, density and biomass of macrozooplankton showed a maximum in spring and remained low from autumn to winter; conversely, in the BBL, the density and biomass of both macrozooplankton and suprabenthos were higher from summer to autumn. The change in abundance of both BBL and pelagic taxa was seasonal. Some species were primarily sampled in the water column (appendicularians, cladocerans and cnidarians), while others were preferentially found at the BBL (suprabenthic species, holoplanktonic amphipods and cephalopods). A third group was collected throughout the water column (chaetognaths and fish larvae).
Introduction
Several studies have shown that there is a particular biological assemblage at the Benthic Boundary Layer (BBL), dominated by peracarid and decapod crustaceans, both of which are potential prey for juvenile benthic fish (Wildish et al., 1992) . The BBL macrofauna has been studied since the end of the last century and is now well defined. It contains three groups of organisms according to their size and their bottom dependence Zouhiri and Dauvin, 1996; Vallet and Dauvin, 1998) : (i) mesozooplankton represented by planktonic forms such as calanoid copepods and crustacean larvae; (ii) macrozooplankton including holoplanktonic forms such as holoplanktonic amphipods (Macquart-Moulin, 1984) , euphausiids, chaetognaths, fish larvae, polychaetes and cephalopods; (iii) suprabenthos including all bottom-dependent animals, mainly crustaceans which perform, with varying amplitude, intensity and regularity, seasonal or daily vertical migrations above the sea floor (Brunel et al., 1978) . These BBL organisms have been studied in very diverse environments from estuaries to bathyal bottoms (see Mees and Jones, 1997) , but very few studies were of sufficient duration to show the amplitude of seasonal changes. Nevertheless, some investigations into seasonality in the demersal fauna have been carried out, examples are those of Sorbe (1984 Sorbe ( , 1989 in the Bay of Biscay, Mees et al. (1993) in the Westerschelde estuary, and Buhl-Jensen and Fosså (1991) in the Gullmarfjord area (western Sweden). However, no studies of the BBL fauna and its relationships with the fauna of the water column appear to have been carried out.
In the English Channel, the first information on the annual cycle of BBL macrofauna was provided by Dauvin et al. (1994) who investigated the coarse sand community off Roscoff (station Trezen Vraz), but this failed to consider the plankton components (copepods and crustacean larvae). Zouhiri and Dauvin (1996) , Dauvin and Zouhiri (1996) and Vallet (1997) provided new data on the BBL macrofauna (macrozooplankton and suprabenthos) from fine sand, coarse sand and pebble communities.
The objectives of the present study of an offshore coarse sand and pebble community in the Bay of Saint-Brieuc (western Channel) were (i) to compare the qualitative and quantitative composition of the BBL and water column macrofauna and (ii) to describe seasonal changes of the fauna (species richness, density and biomass) along an annual cycle.
Method

Study site
The Bay of Saint-Brieuc is located in the south of the western part of the Normano-Breton Gulf of the western English Channel along the French coast. It forms a V notch of ~100 000 ha, limited by Cap Fréhel at the east and by the archipelago of Bréhat at the west. As various activities have taken place in the bay (fishery and oyster and mussel cultures) and some environmental problems have been detected, the Bay of Saint-Brieuc has become the site of numerous scientific projects.
The station (48°50.20ЈN-2°42.50ЈW) is located in the north part of the Bay of Saint-Brieuc. The depth at low tide is 33 m; the sediment is of coarse sand and pebbles (Ratsimbazafy, 1998) . Hydrologically, the station is characterized by low annual variations in salinity, the absence of a seasonal thermocline, and a moderate annual temperature variation: bottom temperatures range from 8°C in winter to 16.4°C in summer, and salinity ranges from 34.90 to 35.20‰.
Sampling and analysis
The BBL macrofauna was sampled with a MACER-GIROQ suprabenthic sledge (Dauvin and Lorgeré, 1989; Dauvin et al., 1995) . Four 0.6-m-wide boxes are positioned above each other at 0.10-0.40 m (net 1), 0.45-0.75 m (net 2), 0.80-1.10 m (net 3) and 1.15-1.45 m (net 4) above the sea bed, each is fitted with a WP2 plankton net (0.5 mm mesh size). A Tsurimi-Seiki Kosakusho (T.S.K.) flowmeter in each box measures the volume of the water filtered. During the period February 1994-November 1995, 44 hauls were collected in six campaigns, 18 during the day, 17 at night, five at sunset and four at sunrise. The total number of samples was 176. Mean towing speed during the 15-min-long hauls was 1.5 knots. Towing took place against the tide. The volume of water filtered by each net varied from 82 to 237 m 3 , and the mean filtered volume for the four levels varied from 93 to 218.5 m 3 with an overall mean of 149.8 m 3 . Material collected was fixed with 10% neutral formalin on board ship soon after sampling. After ~1 week of storage, the material was washed and transferred to 70% ethanol. All macrozooplankton and suprabenthic individuals were sorted under a dissecting microscope, counted and identified to species level whenever possible. The densities of chaetognaths and holoplanktonic amphipods (Apherusa spp.), which were very numerous, were estimated by subsampling (Vallet and Dauvin, 1998) . The mean number of individuals in each haul was standardized to 100 m 3 (Vallet and Dauvin, 1998) . To maximize homogeneity, five hauls were taken on each sampling campaign, two during the day, two during the night and one at sunset. In August, there was only a single night haul and in November only one of the daytime collections took place. A vertical zooplankton haul with a WP2 net (0.5 mm mesh size), from ~2 m above the sea bed to the sea surface, was made in February, April, June and August 1994, and November 1995. On each occasion, three replicates were taken during the day and three replicates at night, giving a total of 30 samples. The filtered volume, measured with a T.S.K. flowmeter, varied from 10 to 16 m 3 due to tidal fluctuations of the height of the water column, with an overall average of 13.4 m 3 . Macrozooplankton were sorted under a dissecting microscope, counted and identified to family, genus or, when possible, to species. The number of individuals in a net or in a campaign was standardized to 100 m 3 (Vallet, 1997) .
The individual dry weight of each taxon was measured after oven-drying at 80°C for 48 h and the ash weight after further heating at 550°C for 2 h. Both weights were measured at a precision of 0.01 mg. The ash-free dry weight (AFDW) was the difference between these two values. The biomass of each species or taxon during each campaign was calculated (mean density in the four nets ϫ individual weight) and expressed in mg of AFDW per 100 m 3 .
Species diversity was calculated as Shannon's information index, HЈ (log base 2 ), and Pielou's evenness, J, for each campaign, for the macrozooplankton of both the water column and BBL, as well as for the suprabenthos.
Results
Macrozooplankton
Species richness. In the water column, the total number of taxa varied between six in April and 12 in August, while at the BBL it varied from 10 in February to 14 in June. Table I shows that the total number of taxa was higher at the BBL than in the water column throughout the year, except in August when both values were similar.
Density. Both in the water column and at the BBL, the density of individuals showed seasonal changes. In the water column, it increased rapidly from February to April then decreased from April to November, while at the BBL the density remained below 300 ind. per 100 m 3 from February to June, before reaching its maximum in August (~1400 ind. per 100 m 3 ), then after a decrease in October a second maximum was recovered in November (Table I ). In February and August, the density of animals in both the water column and the BBL was similar, but in April and June it differed strongly with the abundance in the water column 25 and 3 times higher, respectively, than at the BBL (Table I ). The annual mean density was higher in the water column (940 ind. per 100 m 3 ) than at the BBL (590 ind. per 100 m 3 ).
The appendicularian Oikopleura dioica Fol, the chaetognath Sagitta setosa Müller and cnidarians were more abundant in the water column than at the BBL, while conversely holoplanktonic amphipods [Apherusa bispinosa (Bate) and Apherusa clevei Sars] and chaetognaths Sagitta elegans Verrill were collected more abundantly at the BBL than in the water column. However, the euphausiid Nyctiphanes couchii (Bell), the chaetognath S.setosa and fish larvae were collected in equal abundance both in the water column and at the BBL (Table I ). In the water column, O.dioica and cnidarians were dominant and formed 31 and 41%, respectively, of the mean annual density of macrozooplankton; their densities were maximal in April (Table I) . Moreover, S.setosa together with fish larvae represented 18% of the mean annual abundance; S.setosa were the most abundant in August, and fish larvae in June (Table I) . At the BBL, 66% of the mean annual density of macrozooplankton was formed by A.bispinosa which had its maximum density in August and its minimum in February (Table I) . Sagitta setosa and fish larvae were the second and third most dominant taxa, representing 12 and 7%, respectively, of the mean annual density with maximum densities in June for fish larvae and in August for S.setosa (Table I) .
Diversity. In the water column, the Shannon diversity (HЈ) and Pielou's evenness (J) were higher during summer and autumn than during spring, and at the BBL both were higher from February to June than from August to November due to the dominance of holoplanktonic amphipods during the last period (Table I ). In the water column, HЈ varied between 1.08 and 1.98, and J between 0.36 and 0.60; at the BBL, HЈ fluctuated from 0.77 to 2.56, and J between 0.21 and 0.65 (Table  I) .
Biomass. As was the case for density, biomass showed seasonal change with a maximum in April and June (130 mg per 100 m 3 ) in the water column, and in August at the BBL (120 mg per 100 m 3 ); lowest biomasses were observed in February and November in the water column and from February to April at the BBL (<40 mg per 100 m 3 ) ( Figure 1A ).
Suprabenthos
Species richness. A total of 147 taxa were identified: 83 amphipods, 22 mysids, 16 decapods including nine Caridea and seven Reptantia, 12 isopods, eight cumaceans, five pycnogonids and one leptostracean. The total number of species varied slightly during the year with a minimum in February and a maximum in August, the number of species remained relatively stable from August to November (Table II) . Amphipods and mysids dominated, and formed 60 and 16% of the Seasonal changes of macrozooplankton and BBL macrofauna suprabenthic species, respectively. The species richness of amphipods increased from February to June, then remained around 50 species until the end of the year (Table II) . The species richness of mysids was maximal in August and November, and was minimal in April (Table II) . Density. The total density of suprabenthos remained low from winter (February) to the end of spring (June) with a minimum of 33 ind. per 100 m 3 in April. Then, it increased regularly from August to November when it reached its maximum (310 ind. per 100 m 3 ) (Table II) . Mysids were the dominant group and represented ~69% of the mean annual density. Their pattern of seasonal change was similar to that of the suprabenthos, with low density from February to June and high density from August to November (Table II) . Anchialina agilis (Sars) was the dominant species with a low abundance in February and a maximum density from August to November. It represented 51% of the mean annual density of mysids. Siriella clausii Sars was the second ranked species and made up 29% of the mysids. Its maximal density was observed in autumn (November). However, its numbers were very low during the spring (Table III) .
Amphipods formed 24% of the mean annual suprabenthic density and showed a regular increase in their density from February to October, whence their abundance decreased to November (Table II) . Three families, Eusiridae, Melphidippidae and Oedicerotidae, represented 57% of the density of amphipods. Eusiridae had higher abundance in August, while densities of Melphidippidae and Oedicerotidae were higher in October (Table II) . Four species, Eusirus longipes Boeck, Melphidippella macra (Norman), Synchelidium maculatum Stebbing and Megamphopus cornutus Norman, were dominant and represented 52% of the mean annual density of amphipods. Densities of E.longipes and Megamphopus cornutus reached their maximum in August, while these of Melphidippella macra and S.maculatum were highest in October (Table III) .
Decapods, cumaceans, isopods, pycnogonids and leptostraceans were present at low densities through the year and represented ~7% of the mean annual density of the suprabenthos.
Fourteen suprabenthic species were collected with the zooplankton net: five amphipods, six mysids, two decapods (one Caridea and one Reptantia) and one isopod. Their average density was up to 18 times lower in the water column than at the BBL, except in June where their density in the water column was two times higher than at the BBL. Four species were dominant in the water column: Orchomenella nana (Kroyer), Anchialina agilis, Siriella clausii and Eurydice pulchra Leach (Table III) . Orchomenella nana was present in the water column only in April; while A.agilis and S.clausii were collected in the water column throughout the year, their densities were always higher at the BBL than away from the bottom, except in June. The density of E.pulchra was often higher in the water column than at the BBL, except in February and April when this species was not collected in the zooplankton net.
Diversity. The Shannon diversity index was highest in spring (April and June). HЈ fluctuated from 2.81 in November to 4.63 in June (Table II) . The highest values, observed in spring (April-June), were due to a high number of species present at low densities (Table II) . The pattern of variation in evenness was similar to those of the Shannon diversity index. J was maximal in spring (J = 0.73), a period when densities were low and species richness was high, and minimal in November (J = 0.44) when the mysids Anchialina agilis and Siriella clausii dominated.
Biomass. The lowest biomass was observed in the spring (April and June, ~20 mg AFDW per 100 m 3 ). From August to November, biomasses were higher and varied between 65 and 77 mg AFDW per 100 m 3 (Figure 1 ). The mean annual Table III . List of all suprabenthic species collected with the zooplankton net and their density (ind. per 100 m 3 ) both at the water column (WC) and the BBL in the Bay of Saint-Brieuc
February
April June biomass was 48 mg AFDW per 100 m 3 . Mysids represented 54% of the mean annual biomass of the suprabenthos. Their biomasses were higher in autumn than in spring (Figure 1 ). The biomass of amphipods reached a minimum in February and a maximum in August. The mean annual biomass of amphipods represented 19% of the mean annual suprabenthic biomass. While decapods represented only 1.4% of the mean annual suprabenthic density, their biomass made up ~17% of the mean annual suprabenthic biomass. Isopods, cumaceans, leptostraceans and pycnogonids formed ~10% of the mean annual suprabenthic biomass.
-------------------------------------
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Discussion
Species richness and mean annual density and biomass
In the water column, the species richness and density of macrozooplankton found in the bay of Saint-Brieuc were slightly higher than those reported in the vicinity of the neighbouring Normano-Breton Gulf by Martin and Halgand (1990) (Table  IV) . At the BBL, the species richness of macrozooplankton of the Bay of SaintBrieuc was similar to that at Trezen Vraz , but twice as high as that of the Bay of Seine (S.Zouhiri, personal communication) (Table  IV) . However, the mean annual density in the Bay of Saint-Brieuc was four times lower than that at Trezen Vraz where a large population of Nyctiphanes couchii was sampled Vallet, 1997) . Table IV shows that in the Bay of Saint-Brieuc, the species richness of the suprabenthos was slightly higher than that offshore from Roscoff at the station Trezen Vraz , and twice as high as at a station located in the outer part of the Seine estuary (eastern English Channel) (S.Zouhiri, personal communication). However, while in the western English Channel the mean annual density of suprabenthos was similar at stations on coarse sand which generally has low input of nutrients and low primary production, it was nearly 30 times higher in the Bay of Seine than in the Bay of Saint-Brieuc due largely to a large population of the cumaceans Diastylis spp. living on a fine sand in an area which receives nutrient inputs from the River Seine, which favour the plankton fauna . Chevrier et al. (1991) suggested that there is a relationship between high primary production and high densities of suprabenthic amphipods, primary production affecting both their species richness and their abundance.
The mean annual biomass of macrozooplankton in the water column (85 mg AFDW per 100 m 3 ) was the same order of magnitude as the mean annual biomass of macrozooplankton at the BBL (64 mg AFDW per 100 m 3 ), but the mean annual biomass for suprabenthos in the Bay of Saint-Brieuc was low: ~50 mg AFDW per 100 m 3 . The mean annual biomass of the different suprabenthic groups showed the importance of mysids, amphipods and decapods. Mysids dominated the biomass, despite their small size, owing to the high abundance of Anchialina agilis and Siriella clausi. They were followed in the ranking by decapods and amphipods. Decapods were low in abundance, but tended to be large in size, especially Pandalina brevirostris. In the Bay of Biscay, Sorbe (1984) showed the same pattern, with a high biomass of mysids, particularly Schistomysis kervillei, large decapods such as Crangon crangon, as well as high numbers of the amphipod Argissa hamatipes.
Seasonal changes in density
Both in the water column and at the BBL, correspondence analyses made on the macrozooplankton showed a good separation of the campaigns and taxa according to seasons (Vallet, 1997) . Three periods were shown: winter (November-February), spring (April-June) and summer (August-October), with successive dominance of main taxa: in winter, S.elegans and N.couchi; in spring, O.dioica, fish larvae and cnidarians; and in summer, Apherusa spp. and S.setosa.
Correspondence analysis on the suprabenthic species also showed a distinct seasonal change (Vallet, 1997) (Liljeborg) , and November by Siriella clausii and Siriella jaltensis Czerniavsky. Moreover, the analysis showed the presence of an annual cycle with temporal ordination of campaigns (winter, November-February; spring, April-June; summer, August-October) with successive dominance of main species.
In summary, results obtained by the correspondence analyses showed the relationship between both components, macrozooplankton and suprabenthos, and seasonal change with ordination of species and periods through the year in three main periods: autumn/winter (November-February), spring (April-June) and summer (August-October). The first of these is characterized by low macrozooplankton density in the water column, while spring and summer periods are characterized by maximal densities. Martin and Halgand (1990) also showed seasonal changes with low density in the water column, during winter and summer, particularly August, and two periods with high density, i.e. spring (April and May) and autumn. At the BBL, both winter and spring are characterized by low macrozooplankton and suprabenthic densities, while conversely the end of the summer and the autumn have the highest densities. As a general feature, in the English Channel, macrozooplankton and suprabenthic densities varied during the seasons. Zouhiri and Dauvin (1996) showed macrozooplankton density at Trezen Vraz during the summer to be higher than in autumn. In the eastern part of the English Channel, in the Bay of Seine (S. Zouhiri, personal communication) , the BBL macrozooplankton showed the lowest density in December and the highest density in May. At this station, two peaks of density were observed during the year: the first in May-June and the second, slightly lower, in September. For the suprabenthos, at Trezen Vraz, offshore from Roscoff, Dauvin et al. (1994) and Zouhiri and Dauvin (1996) showed low density in November and high density in summer. In the Bay of Seine, the density of the suprabenthos remained high from May to October and showed a very high density in September (S. Zouhiri, personal communication) , and the minimum occurred in April, but the density remained low from November to April.
Finally, in the English Channel, macrozooplankton and BBL suprabenthos showed a difference of phase in their maximal density, with a spring maximum for the macrozooplankton followed by a second peak in abundance during October. The summer maximum for the suprabenthos was from July to October. For both components, the density was minimal between late autumn (November) and the beginning of spring (April). In the water column, the dominant macrozooplankton species reproduced during early spring and autumn in response to maximal primary production (Martin and Halgand, 1990) . At the BBL, for the majority of species, spring and summer were periods of reproduction and recruitment: it has been suggested that some species might also have increased swimming related to reproductive patterns (Sainte-Marie and Brunel, 1985; Kaartvedt, 1989) . Buhl-Jensen and Fosså (1991) explained that seasonal changes could be related to winter-summer migration of neritic mysids from shallow areas to deep fjords, and to seasonal differences in recruitment pattern among the dominant amphipods and mysid species. For many boreal shallow-water amphipods, several authors (i.e. Moore, 1981; Sainte-Marie and Brunel, 1985; Costello and Myers, 1989; Buhl-Jensen and Fosså, 1991) have shown that after the main period of reproduction in spring, a second peak of reproductive activity may occur in autumn.
Seasonal changes of the macrobenthic fauna of such coarse sand communities have also been observed in the English Channel in areas such as the Bay of Morlaix (Dauvin, 1988a,b) , at Trezen Vraz Station (Wattimena and Thouzeau, 1995) and in the Bay of Saint-Brieuc (Ratsimbazafy, 1998) . In these stations, species richness, density and biomass were lowest during winter (February) and highest at the end of summer (October).
In summary, in the English Channel, temporal changes of the macrozooplankton, suprabenthos and benthos could be explained by the direct availability of the primary production to the zooplankton in the water column (two peaks in spring and autumn), and the delayed availability of the sedimenting phytoplankton to the demersal and benthic macrofauna (one peak at the end of summer).
Exchanges between the water column and the BBL
Sampling the BBL and the water column simultaneously showed that three macrozooplankton groups could be distinguished by their pattern of abundance in the water column: (i) the first group comprised taxa which were rare or absent at the BBL: appendicularian (O.dioica) and cnidarians; (ii) chaetognaths (Sagitta setosa) and fish larvae which were recorded throughout the water column; (iii) the taxa which were essentially aggregated at the BBL: holoplanktonic amphipods (Apherusa bispinosa and A.clevei). Fourteen suprabenthic species were collected in the water column, especially at night. Swimming activity and diel changes in the vertical distribution of the suprabenthos have been described by several authors. Species-specific behavioural patterns (reproduction, escaping predators), together with factors such as light, currents or food availability, may determine the swimming activity and hence the vertical distribution of such animals (Sainte-Marie and Brunel, 1985; Kaartvedt, 1986 Kaartvedt, , 1989 MacquartMoulin et al., 1987; Macquart-Moulin and Ribera Maycas, 1995; Vallet et al., 1995; Dauvin and Zouhiri, 1996) . All these studies documented that the swimming activity of suprabenthic macrofauna increased during the night. Amphipods and cumaceans usually emerge from the sediment, but seldom swim far up into the water column (Kaartvedt, 1986 (Kaartvedt, , 1989 . Nevertheless, Melphidippella macra and Synchelidium maculatum were never collected in the water column in the Bay of Saint-Brieuc (Table III) , and were able to swim only near the sea bottom. Mysids were able to swim up to the surface in high densities (Kaartvedt, 1985; MacquartMoulin and Ribera Maycas, 1995) . Macrozooplankton species also showed clear patterns of swimming behaviour with euphausiids, which were concentrated near the sea bottom during the daytime, occupying the whole water column at night and fish larvae only concentrating near the sea bottom near sunset and sunrise (Vallet et al., 1995) . It is possible that the tidal currents can also have effects on the swimming activity and the horizontal transport of the organisms during their pelagic phase . Sainte-Marie and Brunel (1985) , Macquart-Moulin et al. (1987) and MacquartMoulin and Ribera Maycas (1995) indicated that the migration of suprabenthic organisms constituted an important role for benthic-pelagic transfer of organic matter. Macquart-Moulin and Ribera Maycas (1995) gave the hypothesis that bentho-pelagic crustaceans seemed to be vectors able to achieve diel transport of benthic matter directly up to the surface while holopelagic organisms could ensure this upward transfer of benthic matter indirectly after predation of suprabenthic organisms. Nevertheless, in the Bay of Saint-Brieuc, the seasonal changes seemed to be dominant over the diel changes, but daily benthic-pelagic transfer should be calculated in the future.
